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Abstract 
Food security is a fundamental basis for social stability and development of all countries. The task of ensuring and 
maintaining food security is included into the list of the sustainable development goals (SDGs) of the United Nations. 
At the same time, the formation of food security requires effective actions that must take into account the principles of 
sustainable development in order to preserve biological diversity, ecological stability and prevent negative impacts on 
the environment. The purpose of this article is to analyze the impact of factors that shape food security on the 
environmental component of sustainable development. The study is based on data of the World Bank and regional 
statistical agencies, including selected factors that have a significant impact on the environmental component of 
sustainable development in the context of food security. The research methodology includes correlation analysis of the 
impact of a group of factors that ensure food security on the environment of the regions; assessment of the significance 
of factors and the reliability of the model. The key results of the study confirm the hypothesis of the impact of 
anthropogenic factors on the ecological balance of the environment, which allows focusing on approaches to the choice 
of agricultural production technology, based on the experience of both large agricultural holdings and family farms in 
Ukraine and Italy. 
 
Keywords: bio-production, correlation-regression analysis, ecology, food security, social policy, social stability, 
sustainable development. 




The dilemma of choosing between agri-
food production greening and providing 
enough food has always been problematic in 
the process of food security research. Thus, 
according to Kotykova O., and Albeshchenko 
O. (2017) the country's food security should 
be based primarily on the adequacy of the 
physical mass of food to maintain a balanced 
diet of the world's population. At the same 
time, studies by Cordell D., Turner A., and 
Chong J. (2015) emphasize the importance of  
 
 
the environmental component of agricultural 
production to maintain food security. The 
question of finding a balance between 
quantitative and qualitative indicators of food 
production forms a scientific problem, the  
relevance of which is to bring modern agri-
food production to sustainable principles 
aimed at preserving the environment. 
Implementation of tasks for the 
development of the agricultural sector as a 
basis for stable functioning and economic 
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security of the national economy requires the 
introduction of effective tools to improve the 
efficiency of resource potential in agriculture, 
improving the sectoral structure with a focus 
on implementing a complete cycle of food 
production, economic and social efficiency 
functioning of economic entities, taking into 
account their contribution to the development 
of rural areas and rational use of nature. At 
the present stage of socio-economic 
transformations, this highlights the need to 
improve existing theoretical and 
methodological developments in the 
formation and implementation of state 
agricultural policy, as well as justification of 
new applied management decisions, taking 
into account their contribution to the 
agricultural sector and economic security. 
The research methodology of this paper 
includes a correlation analysis of the impact 
of a group of factors that ensure food security 
on the environment of the regions; assessment 
of the significance of factors and the 
reliability of the model. The following 
methods were also used during the research: 
monographic - for the study and theoretical 
generalization of modern scientific research 
on food security; comparative analysis - to 
compare the actual data of factors influencing 
the state of food security; tabular - for a visual 
representation of the dynamics of indicators; 
statistical - to analyze the impact of individual 
factors on the resulting indicator. The study 
covers the period from 2010 to 2018. To 
analyze the array of information, a correlation 
matrix was constructed using the tools of 
statistical data analysis software JASP. The 
key results of the study confirm the 
hypothesis of the impact of anthropogenic 
factors on the ecological balance of the 
environment, which allows focusing on 
approaches to the choice of agricultural 
production technology, based on the 
experience of both large agricultural holdings 
and family farms in Ukraine and Italy. The 
choice of countries for the study is due to the 
logic of continuing the research started in 
2019 at the University of Politecnico di 
Milano, the preliminary results of which were 
published in the article by Burkovska, A., 
Ciccullo, F., Shebanina, O. and Lunkina, 
T. (2019). 
State regulation of agriculture is a 
priority for European countries, because the 
efficiency of the food sector is a constant 
prerequisite for the prosperity of society as a 
whole. Within the framework of state 
regulation, various tasks are solved: support 
of prices and incomes of agricultural 
producers, purposeful formation of 
appropriate conditions of sale and production, 
resource conservation, environmental 
protection, social support of producers and 
infrastructure policy for rural areas. 
Current trends and problematic aspects 
of the economy, in particular its agricultural 
component, require the development of new 
approaches to identifying priority areas and 
ways to fulfill the resource and economic 
potential of the agricultural sector, the 
formation of institutional support for its 





The critical review of the agri-food 
supply chain evolution, which implied life 
cycle assessment, environmental impact, food 
waste prevention as well as carbon footprint 
issues, was carried out by Barbosa M. (2021). 
The main indicators of food security as well 
as the methodology of their calculation were 
studied by Babych M. and Kovalenko A. 
(2018). The overall research of the 
environmental sustainability as an integrated 
component of national food policy was 
performed by Brown K., Venkateshmurthy 
N., Law C., Harris F., Suneetha K., Shankar 
B., Mohan S., Prabhakaran, D. and Knai C. 
(2021). A cross-project dataset to analyze the 
overall effect of different agricultural 
interventions on food security was 
constructed by Garbero A. and Jackering L. 
(2021). 
The solutions to the problem of an 
appropriate nutrition in the modern world in 
terms of sustainability and global climate 
change fight were considered by Cheeseman 
J. (2016). The consequences and potential 
risks of inappropriate phosphorus use in 
agriculture are analyzed by Cordell D., Turner  
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A. and Chong J. (2015). The link between 
climate change and food security in relation to 
impacts on crop production or food 
availability aspects of food security was 
explored by Esham M., Jacobs B., Rosairo H. 
and Siddighi B. (2018). The monitoring and 
evaluation of agricultural land use 
sustainability in the post-socialist camp 
countries were carried out by Kotykova O., 
Kuzmenko O. and Semenchuk I. (2019). The 
valuation by measuring metric indices of 
sustainable development in the space of three 
pillars (economic, environmental and social) 
in the context of quality and safety of life is 
performed by Kotykova O., and 
Albeshchenko O. (2017). 
The nutritional and environmental 
impacts of global food systems were 
examined and the apparent decrease in food 
sources and crop diversity was addressed by 
Maysou A., Tafadzwanashe M. and Festo M. 
(2021). The using of Theory of Change 
approach with strong emphasis on 
communication and stakeholder engagement 
was argued by Rajala E., Vogel I., Sundin A., 
Kongmanila D., Nassuna-Musoke M., 
Musundire  R., Mulangala M., Chiwina-
Karltun L., Magnusson U. and Boqvist S. 
(2021). The correlation between the economic 
affordability of food and the average monthly 
wage in the country is formulated in terms of 
food security regulation by Shebanina O., 
Klyuchnik A., Burkovska A. and Caruso, D. 
(2018). The science-policy interface as 
boundary networks between researches and 
policy-makers to generate policies that are 
better-informed and better tailored to small 
farms` situation was explored by Sumane S., 
Dionisio M., Pinto-Correia T., Czekai M., 
Duckett D., Galli F., Grivins M., Noble C., 
Tisenkopfs T., Toma I. and Tsiligiridis T. 
(2021). 
 
Aims of the article  
 
The purpose of this article is to analyze 
the impact of factors that shape food security 
on the environmental component of 
sustainable development. The study is based  
 
on data of the World Bank and regional 
statistical agencies, including selected factors 
that have a significant impact on the 
environmental component of sustainable 
development in the context of food security. 
The object of research is ensuring a 
sustainable approach to the formation of food 
security. The subject of the study is the 
relationship of the system of indicators, 
including environmental pollution by methane 
emissions from agriculture; the amount of 
fertilizers applied per hectare; the share of 
organic production in the overall structure of 
land use; the share of land provided with an 
irrigation system; government spending on 
agricultural development and crop 
productivity. 
The research methodology includes a 
correlation analysis of the impact of a group 
of factors that ensure food security on the 
environment of the regions; assessment of the 
significance of factors and the reliability of 
the model. The study covers the period from 
2010 to 2018. To analyze the array of 
information, a correlation matrix was 
constructed using the tools of statistical data 
analysis software JASP. The key results of the 
study confirm the hypothesis of the impact of 
anthropogenic factors on the ecological 
balance of the environment, which allows 
focusing on approaches to the choice of 
agricultural production technology, based on 
the experience of both large agricultural 
holdings and family farms in Ukraine and 
Italy. The choice of countries for the study is 
due to the logic of continuing the research 
started in 2019 at the University of 
Politecnico di Milano, the preliminary results 
of which were published in the article by 
Burkovska, A., Ciccullo, F., Shebanina, O. 
and Lunkina, T. (2019). 
 
Results and discussion 
 
Food security is based not only on the 
adequacy of food to meet the needs of the 
population, but also on the affordability of 
food, ease of food distribution and 
environmental safety. At the same time, there 
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have been recent contradictions between some 
components of food security. Thus, the 
affordability of food often leads to lower 
product quality and the use of agronomic 
technologies that do not meet the principles of 
sustainable development. 
The task of harmoniously combining all 
components of food security in order to 
ensure comprehensive protection of the well-
being of the population and strengthen the 
economic stability of the regions requires 
detailed study. Thus, in order to find 
correlation between food security and 
sustainable development of society, we 
analyzed a system of indicators in the 
dynamics, including environmental pollution 
by methane emissions from agriculture; the 
amount of fertilizers applied per hectare; the 
share of organic production in the overall 
structure of land use; the share of land 
provided with an irrigation system; 
government spending on agricultural 
development and crop productivity (tables 1, 
2). As can be seen from Table 1, during the 
study period, grain yields had a steady 
upward trend in Ukraine. At the same time, 
there was a sharp reduction in methane 
emissions in the agricultural sector, a 
reduction in government spending on the 
agricultural sector, a reduction in the share of 
land with irrigation systems, an increase in 
the share of land used in organic production 
and an increase in fertilizers per hectare. 
Thus, the analyzed data show positive trends 
in reducing the negative environmental 
impact of agriculture while increasing yields, 
which is an important factor in ensuring food 
security. The reduction of methane emissions 
in recent years is explained by the 
modernization of production at many 
agricultural enterprises, the transition to 
technologies that cause less damage to the 
environment, the reduction of livestock and 
the predominant use of organic fertilizers in 
households. 
 





























(% of total 
agricultural 
land) 
2010 2.726 19275 0.0083 60 1.3 0.897 
2011 3.753 19827 0.0084 72 1.8 0.899 
2012 3.156 19538 0.0086 79 1.3 0.91 
2013 4.030 17528 0.0122 87 1.4 0.968 
2014 4.400 16413 0.0123 93 0.9 0.747 
2015 4.140 14449 0.0126 98 0.3 0.756 
2016 4.651 12313 0.0117 110 0.26 0.792 
2017 4.315 10279 0.0120 123 0.31 0.784 
2018 4.335 10012 0.0122 134 1.18 0.759 
*Source: composed by author using (World…, 2021), (Sustainable…, 2020), (The total…, 2019) 
 
To build a model of the impact of food 
security factors on the environmental aspect 
of sustainable economic development (tables 
1 and 2), it is important to study the statistics 
of changes in environmental and economic 
indicators in the dynamics. Since the 
construction of a model of the impact of food 
security factors on the environmental aspect 
of sustainable economic development requires 
a comparison of several regions with different 
socio-economic preconditions, the data 
representing not only Ukraine but also Italy 
were analyzed. At the same time, the statistics 
of the studied indicators in Italy, which were 
included in the model of studying the impact 
of food security factors on the sustainable 
development of the region's economy, have 
some differences from the data for Ukraine. 
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Thus, in Italy, statistics show that grain 
yields in the study period did not have a 
steady trend towards significant changes and 
remained mostly at a constant level. At the 
same time, in the period under study there 
was a clear tendency to reduce methane 
emissions in the agricultural sector, which can 
be explained by the modernization of 
production at many agricultural enterprises, 
the transition to technologies that cause less 
damage to the environment and others. 
During the study period, there was an overall 
reduction in government spending to support 
the agricultural sector in the country, but it 
had an uneven trend. The overall decrease in 
the share of land with irrigation systems was 
synchronous with the increase in the share of 
land used in organic production and the  
 
 
increase in the amount of fertilizers applied 
per 1 ha. 
Based on the analyzed indicators in the 
dynamics, we can find common and different 
trends in the scenarios of food security in 
Ukraine and Italy, given that the agri-food 
sector occupies an important place in the 
economies of both countries. Thus, the 
primary hypothesis on the impact of food 
security factors on the environmental aspect 
of sustainable economic development is that 
the intensification of production through the 
use of modern tillage technologies, rational 
fertilization and transition to organic 
production has a direct impact on reducing 
methane emissions in agriculture. To verify 
this hypothesis, we perform calculations, the 
results of which are shown in tables 3 and 4. 
 





























(% of total 
agricultural 
land) 
2010 5.322 17157 8.7 497.7 0.69 16.827 
2011 5.677 16912 8.5 550.9 0.74 17.123 
2012 5.315 16800 9.1 532.0 0.56 18.05 
2013 5.264 16465 10.6 474.0 0.51 19.083 
2014 5.709 16249 11.2 487.1 0.54 18.987 
2015 5.384 15872 12.0 466.2 0.45 18.612 
2016 5.602 15809 14.3 490.7 0.42 19.023 
2017 5.171 15593 15.2 525.6 0.41 19.145 
2018 5.210 15320 15.5 509.8 0.42 18.712 
*Source: composed by author using (World…, 2021), (Sustainable…, 2020), (The total…, 2019) 
 
The following indicators were used to 
build a model of the impact of food security 
factors on the environmental aspect of 
sustainable economic development: 
agricultural methane emissions (dependent 
variable), cereal yield, fertilizers distributed in 
agriculture, agricultural irrigated land, share 
of public expenditure on agriculture, 
percentage of utilized agricultural area under 
organic farming (independent variables). 
The constructed correlation matrix 
demonstrates the relationship between the 
factors of the model with the assessment of its 
significance. Thus, in the model of studying 
the impact of food security factors on the 
environmental aspect of sustainable 
development of Ukraine's economy there is a 
strong correlation between the dependent 
variable and the amount of fertilizers (-0.963, 
p-value <.001), crop productivity (-0.736, p -
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value <.024) and the share of land use for 
organic production (-0.732, p-value <.025). 
There is also a strong direct relationship 
between the dependent variable and irrigation 
use indicators (0.730, p-value <.025) and the 
cost of supporting agricultural programs 
(0.694, p-value <.038). 
In addition, according to the analysis, 
the change in crop productivity has a strong 
direct correlation with the use of agricultural 
land for organic production (0.844, p-value 
<.004) and the amount of fertilizers (0.782, p-
value <.013). At the same time, the amount of 
fertilizers applied in agricultural production 
has a strong direct correlation with the share 
of land used for organic land use (0.748, p-
value <.021), as well as an inverse 
relationship with the use of irrigation systems 
in the fields, p-value <.041). At the same 
time, the use of irrigation systems in the fields 
demonstrates a direct relationship with the 
amount of costs to support agricultural 
programs (0.702, p-value <.035).  
 
Table 3. Person correlations of the researched factors (between food security and sustainable 
development of society factors), Ukraine 
 










irrigated land  





methane emissions  
 Pearson's r  
 —            
p-value   —            
Cereal yield   
Pearson's r   -0.736 * —          





Pearson's r   -0.963 *** 0.782 * —        
p-value   < .001  0.013  —        
Agricultural 
irrigated land  
 Pearson's r  
 0.730 * -0.643  -0.688 * —      
p-value   0.025  0.062  0.041  —      




Pearson's r   0.694 * -0.568  -0.575  0.702 * —    
p-value   0.038  0.111  0.105  0.035  —    
Percentage of 
utilized agricultural 
area under organic 
farming  
 
Pearson's r   -0.732 * 0.844 ** 0.748 * -0.612  -0.636    
p-value   0.025  0.004  0.021  0.080  0.065    
* p < .05, ** p < .01, *** p < .001  
*Source: composed by author using JASP 
 
The obtained results confirm the 
previously formed hypothesis of the study, 
but require additional interpretation. Thus, the 
intensification of production through the use 
of modern tillage technologies, rational 
application of fertilizers and the transition to 
organic production have a direct impact on 
reducing methane emissions in the 
agricultural sector of Ukraine. At the same 
time, the use of outdated irrigation systems 
and the expansion of agricultural production 
are directly correlated with an increase in 
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Table 4. Person correlations of the researched factors (between food security and 
sustainable development of society factors), Italy 
 










irrigated land  





 Pearson's r  
 —          
p-value   —          
Cereal yield   
Pearson's r   0.270  —        
p-value   0.482  —        
Fertilizers distributed in 
agriculture  
 Pearson's r  
 0.244  0.040  —      
p-value   0.528  0.918  —      
Agricultural irrigated 
land  
 Pearson's r  
 -0.775 * -0.154  -0.451  —    
p-value   0.014  0.692  0.224  —    




Pearson's r   0.906 *** 0.389  0.420  -0.887 ** —  
p-value   < .001  0.300  0.261  0.001  —  
Percentage of utilized 
agricultural area under 
organic farming  
 
Pearson's r   -0.967 *** -0.319  -0.179  0.732 * -0.888 ** 
p-value   < .001  0.403  0.646  0.025  0.001  
* p < .05, ** p < .01, *** p < .001  
*Source: composed by author using JASP 
 
In the model of studying the impact of 
food security factors on the environmental 
aspect of sustainable development of the 
Italian economy there is a strong direct 
relationship between the dependent variable 
and the share of land used for organic land 
use (-0.967, p-value <.001) and the share of 
land with established irrigation systems in the 
general structure of agricultural land use (-
0.775, p-value <.014). There is also a strong 
direct relationship between the dependent 
variable and the amount of public spending on 
agricultural programs support (0.906, p-value 
<.001). 
In addition, according to the analysis, 
the change in the share of land with 
established irrigation systems in the overall 
structure of agricultural land use of crops has 
a strong direct correlation with the use of 
agricultural land for organic production 
(0.732, p-value <.025) and inverse 
relationship with the amount of public 
spending in support of agricultural programs 
(-0.887, p-value <.001), which is due to the 
predominant funding for the replacement and 
upgrade of existing irrigation systems. At the 
same time, the amount of public spending to 
support agricultural programs has a strong 
inverse correlation with the share of land used 
for organic land use (-0.888, p-value <.001), 
due to less need for financial resources for the 
use of modern organic farming technologies 
in comparison with classical methods of agro-
food production. 
The obtained results confirm the 
previously formed hypothesis of the study, 
but require additional interpretation. Thus, the 
intensification of production through the use 
of modern tillage technologies, modernization 
and renewal of irrigation systems, and the 
transition to organic production have a direct 
impact on reducing methane emissions in 
agriculture in Italy, while expanding 
agricultural production is directly correlated 





Food security is based not only on the 
sufficiency of food to meet the needs of the 
population, but also on the affordability of 
food, ease of distribution and environmental 
safety. At the same time, there have been 
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recent contradictions between some 
components of food security. Thus, the 
affordability of food often leads to lower 
product quality and the use of agronomic 
technologies that do not meet the principles of 
sustainable development. 
 In order to find the correlation between 
food security and sustainable development of 
society, we analyzed the system of indicators 
in the dynamics, including environmental 
pollution by methane emissions from 
agriculture; the amount of fertilizers applied 
per hectare; the share of organic production in 
the overall structure of land use; the share of 
land provided with an irrigation system; 
government spending on agricultural 
development and crop productivity. The 
primary hypothesis about the impact of food 
security factors on the environmental aspect 
of sustainable economic development was 
that the intensification of production through 
the use of modern tillage technologies, 
rational application of fertilizers and the 
transition to organic production have a direct 
impact on reducing methane emissions in 
agriculture. 
 The obtained results confirm the 
previously formed hypothesis of the study. 
Thus, the intensification of production 
through the use of modern tillage 
technologies, rational application of fertilizers 
and the transition to organic production have 
a direct impact on reducing methane 
emissions in the agricultural sector of 
Ukraine. At the same time, the use of 
outdated irrigation systems and the expansion 
of agricultural production are directly 
correlated with increased methane emissions 
in the agri-food sector. At the same time, the 
intensification of production through the use 
of upgraded irrigation systems and the 
transition to organic production have a direct 
impact on reducing methane emissions in 
agriculture in Italy, while the expansion of 
agricultural production is directly correlated 
with increasing methane emissions in agri-
food. 
The analysis of variables of the model 
of influence of the factors providing 
productivity of agricultural production on the 
volume of methane emissions that 
characterizes the level of environmental 
friendliness of agricultural technologies is 
carried out. This allows us to conclude about 
the dualism of food security: on the one hand, 
it is necessary to increase the productivity of 
food production, on the other hand, the 
environmental component of food security 
remains important. According to the study of 
the built model, anthropogenic interference in 
the food production process increases 
methane emissions, which worsens the 
environmental condition. Thus, the stated 
problem of harmonization of increase of 
production volumes with observance of 
steady approaches acquires special urgency. 
The authors see the solution to this problem in 
the following: 1) strengthening state support 
for the development of sustainable 
technologies of agricultural production; 2) 
minimization of food costs and development 
of waste recycling technologies; 3) 
modernization of productive forces and 
cooperation of production facilities in order to 
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